The effect of corn and peanut cultivation on the proportion of Aspergillus flavus to A. parasiticus in soil was examined. Soil populations were monitored in three fields during three different years in southwestern Georgia. Each field was planted in both peanuts and corn, and soil was sampled within plots for each crop. 
Aflatoxin-producing Aspergillus flavus Link and A. parasiticus Speare commonly infect crops such as corn, cotton, and peanuts, particularly in tropical and subtropical latitudes. Soil serves as a major source of inoculum of these fungi in crops susceptible to aflatoxin contamination (1, 15, 24) . A. flavus is typically the dominant aflatoxin-producing fungus in corn and cottonseed (14, 19) . Although A. flavus also appears to be more aggressive than A. parasiticus in infecting peanut seeds (14, 15) , A. parasiticus is more prevalent in peanut seeds than in other crops (5) . The two species differ in colony appearance and microscopic features (21, 26) and are easily distinguished by using standardized culture conditions (20) . Furthermore, aflatoxigenic isolates of A. flavus produce aflatoxins B 1 and B 2 , whereas A. parasiticus isolates additionally produce aflatoxins G 1 and G 2 (11, 21) . A. flavus may also form cyclopiazonic acid, which has not been reported for A. parasiticus (7, 8) . Although A. flavus and A. parasiticus are closely related according to their DNA homologies (23), they are not vegetatively compatible and are, therefore, genetically isolated from one another (16) .
Despite these ecological, morphological, and metabolic differences, most soil population studies have failed to distinguish A. parasiticus from A. flavus, often referring to the two species collectively as ''A. flavus group.'' In studies that did separate the species, sizable soil populations of both A. flavus and A. parasiticus were reported from cornfields despite infection of corn ears almost exclusively by A. flavus (1, 24) . Manabe et al. (25) surveyed soils throughout Japan and also found mixed populations of A. flavus and A. parasiticus in the southernmost regions, with the distribution of A. flavus extending further north than that of A. parasiticus.
Since peanuts and corn, two major crops in southwestern Georgia, differ in the incidence of infection by A. parasiticus, this research was designed to compare the effects of these crops on the proportion of A. flavus to A. parasiticus in soil. A further comparison was made between these soil populations and the populations infecting corn ears and peanut seeds from the same fields.
MATERIALS AND METHODS
Peanut and corn plots. Three fields in southwestern Georgia planted in peanuts the previous year were chosen to monitor soil populations of Aspergillus species. Several acres each of peanuts and corn were planted in each field. Field A was located 2.9 km northwest of Preston, Webster Co.; the soil consisted of Troup loamy sand (peanuts) and Orangeburg loamy sand (corn). Field B was located 2.4 km east of Herod, Terrell Co., and field C was located 4. Soil samples. Ten random soil samples were collected monthly from field plots. For each soil sample from the peanut plots, approximately 150 cm 3 of soil was taken from the top 4 cm in the pegging zone on each side of the row within 10 cm of the taproot and combined. Soil from corn plots was similarly obtained from areas on both sides of the corn stalks. Soil samples were air dried for 2 days and passed through no. 12 and 20 standard testing sieves. Sieved soil (20 g ) was then blended with 300 ml of 0.2% water agar (precooled to 5ЊC) at low speed in a Waring blender (1 min). After additional dilutions, 0.2-ml aliquots were spread on five plates of dichloran-rose bengal medium (18) modified with 3% NaCl for Aspergillus counts (15) and on five plates of the same medium without NaCl for counts of total filamentous fungi. Plates were incubated at 25ЊC for 4 days (total filamentous fungi) or 5 to 7 days (Aspergillus species). Fungal populations were estimated on the basis of soil dry weight.
Species of Aspergillus were identified directly from dilution plates according to Raper and Fennell (26) and Klich and Pitt (20, 21) . Colonies that could not be identified were transferred to slants of Czapek agar and incubated for 14 days at 25ЊC. A. flavus, A. parasiticus, and A. tamarii type B, though recognizable as a group, could not be distinguished on the medium used for enumerating aspergilli. A. tamarii type B is morphologically distinct from the typical A. tamarii (designated type A) described by Raper and Fennell (26) and may represent a new taxon (16) . Therefore, three colonies from each plate, or 150 colonies for each plot sampling, were transferred to Czapek agar slants for identification. Population levels of A. flavus, A. parasiticus, and A. tamarii type B were determined from percentages of their group totals.
Peanut seed and corn kernel platings. Peanut plants were dug with a diggerinverter at harvest, and pods were picked with a mechanical picker on the same day. Field-damaged pods, in which the pericarp had been ruptured or penetrated to expose the seeds, were first removed, and the remaining undamaged pods were then abraded with a wet impact blaster to expose the inner pericarp wall (31) . Abraded pods were color sorted into classes of increasing maturity: yellow 2, orange, brown, and black (30) . All pods were dried for 7 days in an unheated forced-air drier and stored frozen. For determining seed infection, pods were hand shelled, and 300 seeds from each maturity class were surface sterilized en masse with 2% NaOCl (1 min) and then rinsed three times with sterile water. Seeds from field-damaged pods were individually sterilized and rinsed in test tubes. Peanut seeds were plated on Czapek agar with antibiotics (30 g of streptomycin per ml and 1.5 g of chlortetracycline per ml) and incubated for 7 days at 25ЊC.
Thirty ears of corn were randomly selected from corn plots immediately before combine harvesting. Ears were hand shelled, and 25 kernels from each ear were surface sterilized and plated as described for peanut seeds from undamaged pods.
Aflatoxin analyses. All remaining peanut seeds from yellow 2, orange, brown, black, and field-damaged classes were analyzed for aflatoxins by a method previously reported (6), with certain modifications. Briefly, all peanut seeds within a class were homogenized with 80% methanol (2 ml/g) for 2 min in a Waring blender. The filtered extract (15 ml) was shaken with 15 ml of salt solution and filtered. Ten milliliters of filtrate was then partitioned against 5 ml of chloroform, and 1.9 ml of the chloroform layer was evaporated to dryness. The residue was redissolved in 3.8 ml of the chromatographic injection solvent consisting of 62% methanol in water plus 0.1% acetic acid. Aflatoxins were quantified by using a liquid chromatographic system consisting of a Waters Nova-PAK C 18 reversephase column (3.9 by 150 mm), a mobile phase of water-methanol-acetic acid (70:29:1.5, vol/vol/vol) containing 60 mg of KBr per liter, and a Shimadzu model RF551 fluorescence detector with excitation and emission wavelengths of 365 and 440 nm, respectively. Enhanced fluorescence of aflatoxins B 1 and G 1 was achieved with postcolumn derivatization, using bromine that was electrochemically generated with a KOBRA cell (22) . Aflatoxin standards were prepared from crystals according to method 971.22 of the Association of Official Analytical Chemists (2).
Kernels not plated from each ear of corn were ground in a model 4-E Quaker City Laboratory mill. Ground corn was then extracted and analyzed, using the method for peanut seeds.
RESULTS AND DISCUSSION
A. flavus and A. parasiticus were present in soil in nearly equal proportions during the first half of the growing season in fields sampled from different years ( Fig. 1 to 3) . Initial population levels for each species had a range of approximately 30 to 3,600 CFU/g of soil. Angle et al. (1) similarly reported an overall relative proportion of 43% A. flavus and 57% A. parasiticus in soils under 11 different cropping regimens in Missouri, though population levels of the combined species (Ͻ280 CFU/g of soil) were generally much lower than reported here. In this study, A. terreus, A. niger, and A. fumigatus were the other most prevalent aspergilli in soil from the three fields, as shown by the mean population levels for an entire year (Fig. 4) . Soil populations of the Aspergillus species shown in Fig. 4 were generally higher in the peanut plot than in the corn plot for field B. Otherwise, populations of these Aspergillus species often varied considerably between monthly soil samples and exhibited no apparent patterns to their fluctuations in peanut and corn plots, either within a field or between fields. A. tamarii types A and B represent two morphological forms reported by Horn and Greene (16) . Aspergillus species and their teleomorphs rarely detected in soil during this study and not indicated in Fig. 4 Soil population levels of A. flavus and A. parasiticus from fields A and B remained fairly constant over the 12-month period ( Fig. 1 and 2 ). Though populations of both species in field B were higher in the peanut plot than in the corn plot (Fig. 2) , these population differences were evident at planting. In field C, population levels of A. flavus and A. parasiticus were similar within as well as between peanut and corn plots at the beginning of the growing season, but the A. flavus soil popu- Fig. 1  and 2 ). Peanut plants were not drought stressed during the latter third of the three growing seasons, a condition necessary for extensive preharvest aflatoxin contamination of seeds (12, 27) . Aflatoxins were not detected in peanut seeds from undamaged pods in field B, and totals ranged from 0.0 to 8.2 ppb in separate maturity classes from fields A and C. Ratios of G 1 plus G 2 to B 1 plus B 2 aflatoxins for the undamaged maturity classes were 4.3 to 13.0 in field A; only B aflatoxins were detected in field C. Less than 5% of the peanut seeds from undamaged pod maturity classes were infected with A. flavus or A. parasiticus. The ratios of A. parasiticus to A. flavus for these combined classes were 2. (24) reported similar observations on the relationship between soil mycobiota and corn infection. In the latter study, both species were associated with soil insects and had the potential of being vectored to corn ears. A. flavus and A. parasiticus are capable of infecting corn and producing aflatoxins when ears are artificially inoculated with each species separately (32), but coinoculations generally favor A. flavus (3) . Hence, A. flavus may be a more aggressive species on corn and outcompete A. parasiticus in mixed inocula under field conditions.
Data from this study suggest that with adequate rainfall during the growing season soil populations of A. flavus and A. parasiticus remain nearly constant in cultivated fields of southwestern Georgia. It is not known how these population levels are maintained in soil, nor is it understood whether these fungi reside mostly as conidia or hyphae. In a study in which soil was inoculated with conidia from a color mutant of A. parasiticus, soil populations decreased little during a 10-month period (15) . A certain proportion of conidia in soil may be quiescent. Griffin (9) demonstrated that under laboratory conditions soil fungistasis prevents A. flavus conidia from germinating. The slow loss of conidium viability in soil (29) may be offset by colonization of crop debris (1, 10) .
Drought conditions for corn periodically result in a buildup of A. flavus propagules in soil following harvest, as was shown in this study, but it is not known whether such population increases occur in A. parasiticus as a result of peanut cultivation. Peanut seeds, like corn ears, are more susceptible to infection by A. flavus than A. parasiticus (15) . However, unlike corn ears which are infected almost exclusively by A. flavus, peanut seed infection by aflatoxigenic fungi typically is made up of 10 to 30% A. parasiticus (14) . Infection of peanut seeds could account, in part, for the observed soil population levels of A. parasiticus; unfortunately, drought conditions for peanuts were not observed during the 3 years of this study, and infection by A. parasiticus as well as A. flavus was consistently low. The report by Angle et al. (1) of nearly equal proportions of A. flavus and A. parasiticus in soils was based on fields periodically cultivated in corn but without a history of peanut cultivation. A. parasiticus may be highly efficient in colonizing organic debris after it has been added to the soil and may, therefore, exhibit less dependence on crop infection than A. flavus for maintaining soil populations.
